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Introduction
Environmental temperature has a pronounced impact on the resulting body temperature of ectotherms, including reptiles (Porter et al. 1973) , which in turn will affect the whole-animal performance, functions, and fitness (Huey and Stevenson 1979; Bauwens et al. 1995; Castilla et al. 1999; Angilletta et al. 2002) . When faced with short-term variations in the thermal environment, many lizards can respond quickly by exhibiting behavioral thermoregulation, usually involving microhabitat selection and eventual specific postures (Huey 1982) . However, when faced with long-term environmental changes, species may respond with evolutionary shifts in physiology and behavior (Huey and Kingsolver 1989; Castilla et al. 1999; Brown and Griffin 2005; Carretero et al. 2005 Carretero et al. , 2006 . In these cases, a "phylogenetic signal" will be detected, describing a pattern for evolutionarily related organisms to phenotypically resemble each other (Blomberg et al. 2003) .
Alternatively, they may have conservatism for such traits and therefore undergo ecological restrictions, range retraction, and eventual extinction (Huey et al. 2010; Sinervo et al. 2010 ). In fact, several studies report such evolutionary differences between closely related lizards Castilla et al. 1999; Labra 2009; Hertz et al. 2014; Muñoz et al. 2014) . A classic case of behavior and physiological adaptation to novel environments is seen in invasive species, because adjustment of their phenotypes to match the local conditions, either by plasticity or adaptation, greatly increases the invasion success (e.g., Jeschke and Strayer 2008; Chown et al. 2010; Kolbe et al. 2010 Kolbe et al. , 2014 .
Although most of the studies conducted on thermal ecology are mainly focused on diurnal lizards, less attention has been paid to nocturnal and crepuscular species. However, the few studies performed with crepuscular geckos conclude that their preferred body temperature (T p ) at the species level is less rigid than that of diurnal lizards (Brown 1996; Rock et al. 2000; Brown and Griffin 2005) and that they select lower T p ranges *Corresponding author; e-mail: catarina.rato@cibio.up.pt.
Physiological and Biochemical Zoology 88(5): 564-575. 2015 . q 2015 by The University of Chicago. All rights reserved. 1522 -2152 /8805-4144$15.00. DOI: 10.1086 than do diurnal species (for diurnal Ptyodactylus geckos, T p p 33.57C; for nocturnal Ptyodactylus geckos, T p p 28.77C; Arad et al. 1989; ). This probably reflects the low ambient temperatures and limited opportunities for behavioral thermoregulation at night (Porter and Gates 1969) . Despite not being active during the day, nocturnal geckos can use retreat site selection, shuttling inside the retreat site, and posturing (placement of the body relative to the retreat site substrate) to thermoregulate during the day (Bustard 1967; Marcellini 1976; Werner 1976; Dial 1978; Autumn et al. 1994 Autumn et al. , 1999 . The nocturnal geckos Christinus marmoratus (Kearney and Predavec 2000) and Teratoscincus przewalskii (Autumn et al. 1994) are able to thermoregulate during the day by performing the above behavioral mechanisms. Likewise, the Mediterranean gecko Hemidactylus turcicus is able to thermoregulate during the day (Hitchcock and McBrayer 2006) , although this study was performed in an introduced population in the United States.
Additionally, individual lizards may change their T p throughout the day, seasonally, or due to pregnancy (Refinetti and Susalka 1997; Zari 1999; Rock et al. 2000 Rock et al. , 2002 Angilletta et al. 2002; Hare et al. 2002) , although these patterns are not common to all of the species (Anguilletta and Werner 1998) . Geckos inhabiting temperate regions are of special interest, because they are under stronger thermal constraints than those living in tropical areas (Hitchcock and McBrayer 2006) .
Although the importance of T p selection in lizards is widely accepted, some authors have suggested the existence of a tradeoff between T p and evaporative water loss (WL ; Bruce 1990; Bowker 1993) ; those species capable of reducing WL while remaining mobile have the best chances of having a precise temperature control (Tracy 1976; Buttemer 1990 ) without experiencing the cooling and dehydrating effects of evaporation (Tracy and Christian 2005) . Studies assessing water loss rates (WLRs) have demonstrated that lizards can also modify their dehydration levels as an adaptation to novel environments (e.g., Kolbe et al. 2014 ), but they also report cases of strong phylogenetic influences on this trait (e.g., Mautz 1982; García-Muñoz and Carretero 2013; Osojnik et al. 2013; Carneiro et al. 2015) . Moreover, a few studies have also detected a relationship between WL and body size (e.g., Turk et al. 2010; Johnson et al. 2013) , with smaller gecko species experiencing higher levels of dehydration and a greater percentage of body mass lost compared with larger species. An excellent model system to study both T p and WL is the Moorish gecko, Tarentola mauritanica, a crepuscular lizard with a circum-Mediterranean distribution (Vogrin et al. 2009 ) that occupies a wide range of climatic regimes (Rato et al. 2015) . To thermoregulate, this gecko has been seen basking during the first 2-3 h of the day near the refugium, and once their optimal temperature is achieved, they return to their retreat. They also change their posture within the retreat during the day (Martínez-Rica 1974) .
Because this species is frequently associated with humanized infrastructures, accidental introductions into new areas have been reported (Arnold and Ovenden 2002) , such as into most Mediterranean islands, Madeira, South America, the United States (Vogrin et al. 2009 ), and the Azores archipelago (Barreiros et al. 2010) . Molecular studies have gradually uncovered the extreme evolutionary diversity within T. mauritanica, with six identified lineages to date, suggesting that this taxon is, in fact, a complex of several species deserving specific status (Harris et al. 2004a (Harris et al. , 2004b Perera and Harris 2008; Rato et al. 2010 Rato et al. , 2012 . In the Iberian Peninsula, a temperate region of southern Europe that encompasses a high diversity of landscapes and climate regimes (Sillero et al. 2009 ), two distinct mitochondrial lineages of the complex with parapatric distribution are found: an endemic clade distributed in central and southwestern Iberia (Perera and Harris 2008) , hereafter called the Iberian clade, and the European clade, which occurs along the Iberian coastline (Rato et al. 2012 ). This latter clade has a widespread distribution across southern Europe (from the Iberian Peninsula to Greece), including many Mediterranean islands, as a result of multiple introductions.
Earlier studies of preferred T p of the Moorish gecko (Gil et al. 1994; Arad et al. 1997; Carretero 2008) have indicated very distinct results with respect to temperature patterns and mean T p , which might be related to the collection of data during distinct experimental seasons and the use of different evolutionary lineages of T. mauritanica. Recently, a study of the niche evolution of this group has been performed that correlates presence records of all lineages and current bioclimatic variables to build species distribution models (SDMs; Rato et al. 2015) . Afterward, Rato et al. (2015) tracked niche divergence/ conservatism along the phylogeny by combining these SDMs with a calibrated phylogenetic tree for the species complex.
Their analysis suggested that precipitation, rather than temperature, is the primary factor behind the differences in distribution and genetics between the two clades in Iberia. If so, we should expect that the lineages will differ in their preferred T p and in their ability to reduce evaporative WL. Specifically, we tested whether there are differences in T p and WL between the lineages and among several populations across the range of each lineage. We hypothesize that, if evolutionary diversification was the consequence of a past ecophysiological shift of T p and/or WL, differences will be observed between lineages, but if these traits changed more recently as an adaptive response to the current environmental conditions, the shift will be among populations. Thus, in this study, we investigated the preferred T p and WLR to achieve the following objectives: (1) to evaluate the existence of ecophysiological conservatism versus shift for those traits (i.e., whether the ecophysiological rates are similar among the several populations of T. mauritanica); (2) to determine whether any ecophysiological shift that might occur is a short-term change (populations), long-term change (lineages), or both, because the comparison between physiological rates will be performed at both the population and lineage level;
(3) to test whether water and thermal traits are coupled, to infer whether there is any trade-off between T p and WL; and (4) to correlate both thermal and WL arrays with present environmental variables, to evaluate whether the local climate regime has any influence on these patterns.
Material and Methods
A total of 84 males of Tarentola mauritanica belonging to seven distinct Iberian populations were collected by hand, noose (García-Muñoz and Sillero 2010), and/or with the help of a laser pointer (Cole 2004) in August 2013 and brought to the laboratory. Geographic location and lineage assignment of each population are described in figure 1 .
The individuals were kept in individual terraria for a maximum of 5 d with food and water provided ad lib., exposed to the daily photoperiod and under an ambient temperature of 247 5 17C, conditions that were similar to the natural regime. Each gecko underwent two experiments (see below). After each set of experiments, the lizards were supplied again with water and food until they recovered the initial weight, and at the end of all experiments, the animals were released at the capture sites.
Thermal Gradient Experiment
The lizards were exposed to a thermal gradient (257-457C) in a 0.3#0.4#1-m Plexiglas terrarium, generated by a 100-W infrared reflector bulb fixed 15 cm above the substrate in one end of the terrarium (Veríssimo and Carretero 2009 ). The terraria were set in a room with natural light to keep the natural photoperiod. To provide continuous refuge for the geckos along the gradient while letting them select their preferred temperatures, we placed a 0.05#1-m aluminium plate at the bottom of the terraria, separated longitudinally by a thin wooden laminate to provide robustness to the structure, as illustrated in figure 2. This newly designed gecko thermogradient was successfully able to create the intended temperature variation along the terrarium, which we monitored with an infrared thermometer (Fluke 68, precision 0.17C, accuracy according to the manufacturer 51%).
The walls of the terraria were covered with white panels to prevent external stimuli from influencing the geckos' thermoregulatory behavior, and a lid made of mosquito net was placed to avoid the animals' escape. T p was measured with a K-thermocouple digital thermometer (HIBOK 14, precision 0.017C) by inserting a probe in the cloaca every hour during an 8-h period comprising the activity range of the species (from 1700 to 2400 hours local time). This procedure was applied due to the size of the geckos, which would impair the use of permanent cloacal probes and/or internal transmitters (Clusella-Trullas et al. 2007 ) and would not allow accurate infrared readings (Carretero 2012) . Snout-ventral length (SVL) of each gecko was also recorded to the nearest 0.01 mm using a digital calliper.
WL Experiment
The evaporative WL experiment was developed using sealed chambers with ∼257C controlled temperature and 30%-35% of relative humidity, using 100 g of silica gel placed in a bag made of gauze and fixed on the bottom side of the chamber lid (Osojnik et al. 2013) . Animal weight was measured with a precision scale (precision 0.0001 g; CPA model 224S, Sartorius Bohemia, New York). Initial weight (W 0 ) was recorded at the beginning of this experiment. Geckos were individually placed in transparent plastic boxes (15 cm#10 cm#5 cm) with a perforated lid and floor that were positioned inside another box with 5 g of silica gel at the bottom that allowed free air exchange between the individual box and sealed chambers. Five small boxes with the geckos were placed inside a bigger opaque sealed chamber (40 cm#30 cm#20 cm) under constant humidity conditions (∼25%), which were ensured by silica gel (100 g) placed inside the chamber lid. Geckos were removed from the chamber hourly, weighed together with the box on the precision scale, and placed back into the chamber over a period of 12 h (from 1300 until 2400 hours local time). Also, conditions in the chamber were monitored every hour to ensure a fairly stable relative humidity using the Fluke 971 temperature humidity meter (Fluke, Everett, WA; precision 0.17C, relative humidity 0.1%). The whole operation did not take longer than 20 s. The sealed chambers were maintained in the dark in an undisturbed room to avoid animal stress.
Statistical Analyses
Values of T p (untransformed) did not deviate from normality (P > 0.05 in all cases, Shapiro-Wilk test) and were homoscedastic (P > 0.05 in all cases, univariate Levene tests and multivariate Box M), and their variances and means were not correlated. We conducted a nested ANOVA to detect differences in animal length and mass among populations nested in lineage as well as a nested ANCOVA for the logW 0 with logSVL as covariable to determine eventual differences in robustness. Repeated measures (rm) ANOVA and rmANCOVAs (with logSVL and with logSVL plus logW 0 as covariables) were conducted to assess differences in T p among populations (nested in lineage).
From our weight data, we calculated three measurements of WL (Osojnik et al. 2013) : the accumulative water loss (WL a ) with the formula ½(W 0 2 W n )=W 0 #100; the instantaneous wa-ter loss (WL i ) calculated using the formula (W n 2 W n11 =W 0 )# 100; and the total water loss (WL t ) as in (W n 2 W n112 )=W 0 , with W n112 representing the last recorded weight at 2400 hours. The WL a provides information on how much overall water was evaporated since the beginning of the experiment, whereas the WL i records the pattern of WL along time (constant or variable). The WL t corresponds to the total water lost by the animal at the end of the experiment. Again, all of these values did not deviate from normality (P > 0.05 in all cases, Shapiro-Wilk test) and were homoscedastic (P > 0.05 in all cases, univariate Levene's tests and multivariate Box M), and their variances and means were not correlated.
A similar nested design with ANOVA and two rmANCOVAs (with logSVL and with logSVL and logW 0 as covariables) was applied to WL a , WL i , and WL t . In addition, a correlation and linear regression was performed (for each population and lineage) to determine whether WL t and mean T p are associated. To perform the correlation analysis, we used the mean values by individual within populations and lineages.
To correct for multiple comparisons, we used a false discovery rate (FDR) procedure (Benjamini and Hochberg 1995) , a statistical method used in multiple hypothesis testing. All analyses were performed in STATISTICA, version 12 (StatSoft 2013), except the FDR, which was performed in R (R Development Core Team 2013).
Environmental Data and Correspondence Analysis
We downloaded four environmental variables (annual mean temperature, temperature seasonality, annual precipitation, and precipitation seasonality) available on WorldClim (http:// www.worldclim.org; Hijmans et al. 2005) , with a 30-s resolution (∼1 km). These variables were considered to provide a significant representation of the thermal and water environment of the gecko populations at a geographic scale. Using the software QGIS, version 2.0.1 (QGIS Development Team 2013), we extracted the values of each variable using the geographic coordinates of each population. A canonical correspondence analysis was performed in XLSTAT (http://www.xlstat.com) using the values of the environmental variables as the canonical variables; the mean logSVL, mean logW 0 , WL t , mean T p , and mean T p 's standard deviation (of each population) as the objects data; and the populations as the site labels.
Results
Both body mass and size of T. mauritanica varied significantly among populations and lineages (table S1, available online), with the Doñana National Park (European lineage) harboring the biggest animals and the smaller animals present in Murcia (Iberian lineage; logSVL: P < 0.02, Scheffé post hoc tests; logW 0 : P < 0.04, Scheffé post hoc tests). However, such mass (logW 0 ) differences between either populations or lineages disappeared when accounting the logSVL.
Regarding the results for temperature selection (T p ; fig. 3 ; table S1), there were no differences among sites or lineages but Figure 2 . Diagram of the thermal gradient experiment modified for geckos, using the newly developed metallic structure serving as refuge. a significant variation among hours with no clear trend. When both body mass and size were included as covariates, that temporal variation disappeared (table 1) . On average, T. mauritanica selected a mean temperature (5SD) of 29.807 5 3.797C.
As to the results from the WL experiment, WL i was significantly distinct among sites, lineages, and time intervals. When accounting for both size and mass, the effect of time disappeared, but the effects of site and lineage remained. Essentially, all populations showed some trend to reduce WL in the first 3 h of the experiment, but those ascribed to the European lineage lost more water and showed more diversification than those of the Iberian lineage under the same conditions. The same held true for the WL a ( fig. 4) , with the individuals from Doñana losing considerably more water in a faster way (P < 0.01, Scheffé post hoc tests) and those from Murcia losing less water during the experiment (P < 0.01, Scheffé post hoc tests). Although such differences were evident since the first time interval, at the end of this experiment, the accumulated differences were more marked ( fig. 5) , with the animals from Doñana significantly more dehydrated (P < 0.01, Scheffé post hoc tests) and Murcia less dehydrated (P < 0.01, Scheffé post hoc tests) compared with the remaining populations. No (inverse) correlation between the WL t and the mean T p was found at either the population level or the lineage level (table 2) . Finally, the canonical correspondence analysis ( fig. 6) shows that most populations are grouped in the same region of the environmental space (i.e., a restricted subset of environmental conditions) re-gardless of the lineage and body size, with Doñana and Murcia slightly separated.
Discussion
Our results uncover substantial variation in ecophysiology within Tarentola mauritanica from the Iberian Peninsula. Such variation was, nevertheless, centred in water physiology and showed a strong lineage signal in accordance with our initial predictions, which were based on phylogenetic inference and correlative ecological models.
The results from the WL experiment reveal clear differences not only among populations but also between the two lineages of T. mauritanica. Geckos differed in both the instantaneous and total amount of WL, having minimal temporal trends. In the extremes, the Doñana population (European lineage) presented the highest WL ratio, whereas the Murcia population (Iberian lineage) had the lowest values. Overall, the European lineage displayed a trend for higher accumulating WL compared with the Iberian lineage. Moreover, although populations belonging to the Iberian lineage were relatively uniform, those assigned to the European lineage were more diversified.
Differences between populations and, mainly, between lineages persisted after accounting for SVL and body mass, which allows discarding a pure allometric pattern and points to intrinsic physiological differences. Smaller geckos would be ex- pected to experience higher levels of dehydration and a greater percentage of body mass loss compared with larger ones because of higher surface-to-volume ratios for cutaneous WL (e.g., Turk et al. 2010; Johnson et al. 2013) . Certainly, the temporal variation in the initial response for reducing dehydration obtained here is clearly attributable to body size among individuals and populations. Johnson et al. (2013) suggested that the lower mass-specific WLR of the alien gecko Hemidactylus mabouia, compared with that of the sympatric native gecko Sphaerodactylus notatus, could represent a higher physiological plasticity in the former. However, these conclusions were drawn without considering the distant relationships between both species and the fact that phylogeny may also play a significant role. Resistance to dehydration is often associated with successful colonizers (e.g., Jeschke and Strayer 2008; Chown et al. 2010; Kolbe et al. 2010 Kolbe et al. , 2014 . In contrast with these examples, the European lineage of T. mauritanica, which has been widely introduced across the Mediterranean basin (Rato et al. 2010 (Rato et al. , 2012 , has higher evaporative WL than the Iberian lineage regardless of body size. However, it must be taken into account that the recent human-mediated expansion of T. mauritanica has been directed toward northern and, hence, more humid areas than the central Iberian Peninsula. Thus, we interpret these results as indicating an increased tolerance to humidity in the European lineage. Moreover, the extremely high diversification among the populations of this lineage compared with those of the Iberian clade also suggests higher plasticity. Still, the WLRs of the Moorish geckos, whatever the population or lineage, were much lower than those of sympatric but similar-sized lacertid lizards (García- Osojnik et al. 2013) .
In contrast to the high differentiation in WL, current environmental thermal regimes and past evolutionary shifts do not have an impact on the preferred T p . The thermal traits analysis indicates lack of differences among populations and within lineages of T. mauritanica. Similar thermal rigidity in T p across populations of the same species has been evidenced in lacertid lizards (Van Damme et al. 1989; Tosini and Avery 1993; Díaz et al. 2006) , some of them even sympatric with T. mauritanica. It is well documented that behavioral adjustments are the primary means by which lizards buffer fluctuations in environmental heat loads to keep their T p within the range of optimal performance. Physiological performance is typically zero below a critical minimum, is poor at low T p , increases to an optimum, and then quickly decreases to zero again at an upper critical temperature. A lizard would ideally like to maintain a T p near this optimal temperature, or at least within a range at which performance is at 80%-90% of its maximum (Castilla et al. 1999) . Nevertheless, thermal flexibility has also been reported for other lizard families (Hertz et al. 1983; Bennet and John-Alder 1986) , which suggests different rates of response to directional selection for T p across evolutionary clades (Labra 1998) .
On the other hand, our results corroborate the general idea that nocturnal and crepuscular geckos select a wider and lower range of T p compared with diurnal lizards (Arad et al. 1989 ; ). The T p value of T. mauritanica (mean, 29.807C) is substantially lower than that of the diurnal gecko Ptyodactylus hasselquistii puiseuxi from Israel (33.57C; Arad et al. 1989) or averaged diurnal lizards from Australia (35.07C), the Kalahari (36.47C), and North America (37.17C; . As also documented in Gil et al. (1994) , our results do not support a negative relationship between mean T p and size or mass, as reported by Carretero (2008) or even by Vasconcelos et al. (2012) using the Cape Verdean Tarentola substituta. In fact, our results, supported by robust sample sizes, suggest that there is no correspondence between T p and body size. Certainly, the inclusion of juvenile geckos, which select different microhabitats (Vasconcelos et al. 2012) and are not analyzed here, can make the difference between these divergent results. Significantly, we failed to find a trade-off between WL t and mean T p , which has been suggested by some authors regarding ectotherms at the intraspecific level (Bruce 1990; Bowker 1993 ). This finding not only reinforces the evidence for intrinsic differences in WL and higher plasticity in the European lineages but also suggests that thermal and water ecophysiology may be uncoupled in this group. In fact, recent studies have already advocated for a more prominent role of water in lizard ecophysiology and biogeography (García- Osojnik et al. 2013 ). However, one of the most surprising results of this study, which also makes it a pioneer, is the identification of a phylogenetic signal regarding WL patterns. This means that the two lineages in the Iberian Peninsula have distinct evolutionary physiological responses to their environment, with the European lineage presenting higher dehydration values than the Iberian one. This is not the case for T p , which remains quite similar across lineages and populations. The European clade is mainly distributed along the Mediterranean coast, where the environment is moist and temperature seasonality is less rigid compared with the central Iberian Peninsula (the distribution of the Iberian clade). In the latter, summers are hot and dry, and temperature seasonality is quite abrupt, as expected from a continental Mediterranean climate (Sillero et al. 2009 ). In light of the current distribution of each lineage and the climatic regimes imposed, it makes sense that the Iberian populations have lower WL values. Reptiles in drier environments are known to be generally more resistant to desiccation than closely related forms from more mesic habitats (e.g., Warburg 1966; Steinberg et al. 2007 ). Our ecophysiological results meet the findings of a previous study on niche evolution performed for the whole T. mauritanica complex (Rato et al. 2015) . There, evidence based on correlative ecological models and phylogeny suggested that the genetic diversification and niche shift of the European clade during the Pleistocene was related to environmental variables linked to precipitation and temperature seasonality. Although the first is clearly coincident with our results, investigating the second would require additional experiments for detecting the effect of seasonal acclimatization on T p (see Van Damme et al. 1986 ), which were not performed as part of this study due to logistical constraints. Extensive literature on ecophysiological acclimation and acclimatization highlights the fact that differences obtained between populations, without the implementation of proper "common garden" experiments, may not always be genetic (reviewed in Garland and Adolph 1991) . Nevertheless, the canonical correspondence analysis clearly discards the possibility that the ecophysiological differentiation among populations is the outcome of adaptation to local environmental conditions, regardless of body size diversification.
Overall, this study highlights the importance of determining both thermal and water ecophysiological traits to develop mechanistic models of potential distribution of species and lifehistory traits. Our results are an excellent example for which distribution differences found in SDMs can be explained by differences in physiology. However, theoretical models can be performed to predict the consequences of thermal environment for lizard annual survival and fecundity (Adolph and Porter 1993) or their transient temperatures (Fei et al. 2012) . Energy expenditure and evaporative WL can also be used to model the preferred temporal niche of a rodent (Levy et al. 2012) .
Currently, species distribution models are dominated by correlation analyses. Thus, to determine the factors restricting an organism's range, its presence is correlated with the environmental variables prevailing in its range. Nevertheless, biotic factors might keep species absent from environmentally suitable areas (reviewed in Wisz et al. 2013) , and these are ignored by correlation analyses. Among these factors are included, for instance, competitive interactions between ecologically similar species (Begon et al. 2006; Žagar et al. 2015) and thermal physiology (e.g., Gerick et al. 2014) . The present ecophysiological study, which was performed in an evolutionary context, Figure 5 . Total water loss (WL t ) after 12 h of experiment for each population nested in the corresponding lineage, calculated as WL t p (W n 2 W n112 )=W 0 , where W 0 corresponds to the initial weight and W n to the weight at each hour. Least square mean values and 95% confidence intervals, using both log snout-ventral length and logW 0 as covariates, are displayed. Note. The regression equation is defined by Y p a 1 bX, where b represents the slope and a represents the intercept point of the regression line and the Y-axis. Linear regression analysis was performed using the mean values by individual within populations and lineages. Sample sizes are reported in table 1. provides solid evidence that both thermal and WL regimes can act as possible restriction factors to species ranges.
